
i 
date: October 26,  1 9 7 1  

to. D i s t r i b u t i o n  

955 L'Enfant Plaza North, S.W. 
Washington, D. C. 20024 

B 7 1  10018 
from C. Bendersky 

subject Technical  S t a t u s  of PPO Foam I n t e r n a l  
Cryogenic I n s u l a t i o n  - Case 237 

ABSTRACT 

T h e  t e c h n i c a l  s t a t u s  of polyphenyloxide (PPO) foams 

f o r  use  as i n t e r n a l  i n s u l a t i o n  f o r  cryogenic  LH2 tankage is  

d i scussed .  I t  is concluded t h a t  t h e  material has  promise f o r  

use  i n  h e a t  s i n k  r eusab le  boos te rs  under s tudy  f o r  t h e  Space 

S h u t t l e  Program, and t h a t  t h e  p r e s e n t  technology program 

should be i n t e n s i f i e d  t o  produce t h e  d a t a  necessary f o r  i t s  

i n c o r p o r a t i o n  i n  a develoDment program. Areas f o r  a d d i t i o n a l  

technology t o  provide t h e  requi red  data are suggested.  

(NASA-CB-125369) TECHNICAL S T A T U S  OF PBO 
FOAF! I N T E R N A L  C R Y O G E N I C  INSULATION 
{Bellcomm, Inca )  8 p 

I 

N79- 72 593  

Unclas 
00/27 12159 



date: October 2 6 ,  1 9 7 1  955 L'Enfant Plaza North, S.W. 
Washington. D. C. 20024 

to: D i s t r i b u t i o n  
B 7 1  1 0 0 1 8  

from C. Bendersky 

subject Technical S t a t u s  of PPO Foam I n t e r n a l  
Cryogenic I n s u l a t i o n  - C a s e  237 

MEMORANDUM FOR FILE 

Large s i z e  l i q u i d  hydrogen p r o p e l l a n t  tanks  a r e  
provided wi th  i n s u l a t i o n  t o  reduce t h e  h e a t  t r a n s f e r  between 
t h e  l i q u i d  and t h e  environment. I n s u l a t i o n  a l lows  t h e  t anks  
t o  be f i l l e d  quick ly ,  reduces hydrogen bo i l -o f f  du r ing  ground- 
hold and du r ing  t h e  boos t  t r a j e c t o r y .  The i n s u l a t i o n s  now i n  
use  w e r e  designed f o r  expendable boos t  s t a g e s .  They are foamed 
r e s i n s  i n s t a l l e d  e i t h e r  on t h e  o u t s i d e  o r  t h e  i n s i d e  of  t h e  
metal tank w a l l .  The S I 1  Stage has e x t e r n a l  i n s u l a t i o n  o f  
sprayed-on r i g i d  polyurethane ( P U )  c losed-ce l l '  foam whi l e  
t h e  SIVB stage i s  i n t e r n a l l y  i n s u l a t e d  wi th  P U  f i b e r g l a s s  
r e i n f o r c e d  t i l es  which are bonded t o  t h e  m i l l e d  w a f f l e  p a t t e r n  
m e t a l  s h e l l .  

The r eusab le  mission and l i f e  c y c l e  requirements  of 
t h e  Space S h u t t l e  have r e s u l t e d  i n  new performance requirements  
f o r  hydrogen tank i n s u l a t i o n .  For t h i s  a p p l i c a t i o n , i n t e r n a l  
i n s u l a t i o n  has  been p re fe r r ed  because exposure t o  p o t e n t i a l l y  
harmful e x t e r n a l  environments i s  minimized. Also, t h e  i n s u l a -  
t i o n  main ta ins  t h e  tank w a l l  and i n s u l a t i o n  bond l i n e  a t  a 
r e l a t i v e l y  even temperature  thereby reducing thermal  stresses. 
I n  t h e  case of t h e  h e a t  s i n k  booster: t h e  concept  i t s e l f  d i c t a t e s  
t h e  use  of i n t e r n a l  i n s u l a t i o n  t o  allow t h e  o u t s i d e  tank  w a l l  
t o  d i r e c t l y  absorb t h e  thermal energy genera ted  du r ing  r e e n t r y  
f l i g h t .  This  i n t e r n a l  i n s u l a t i o n  w i i i  alszl c c n t r o l  t h e  niutside 
w a l l  temperature  du r ing  ground hold t o  a l e v e l  which w i l l  minimize 
p o t e n t i a l  t ank  i c i n g  problems3 p r i o r  t o  launch. 

'A c losed -ce l l  foam has i t s  o u t e r  s u r f a c e  s e a l e d  t o  p reven t  
p e n e t r a t i o n  of e i t h e r  p r o p e l l a n t  o r  atmosphere. An open-cel l  foam 
permi ts  such p e n e t r a t i o n .  

C. Bendersky, ( B 7 1  040341, Apr i l  20,  1 9 7 1 .  
2"Hard Ice Formation on a H e a t  Sink Boos ter , "  C a s e  237, 

3"Further  Comments - Hard Ice Formation on a H e a t  Sink 
Booster,11 C a s e  237, c.  Bendersky, ( B 7 1  060341, June 2 1 ,  1 9 7 1 .  
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Candidate i n t e r n a l  i n s u l a t i o n  systems w i t h  t h e i r  
d e n s i t y  and thermal conduct iv i ty  are l isted i n  Table 1. The 
polyphenyloxide (PPO) foam i s  a prime cand ida te  and i s  par -  
t i c u l a r l y  favored by Convair Aerospace Div is ion  of  General 
Dynamics Corporat ion (Convair) f o r  comprehensive development 
because it i s  open-cel led and t h e r e f o r e  no t  s u b j e c t  t o  c y c l i c  
p r e s s u r e  f a t i g u e .  I t  i s  a simple single-component i n s u l a t i o n  
mater ia l ;  i t  has t h e  p o t e n t i a l  f o r  maximum r e l i a b i l i t y  and 
r e u s a b i l i t y ;  it i s  tough, has good cryogenic  p r o p e r t i e s  
and a compet i t ive  thermal  conduct iv i ty-dens i ty  (kp) product .  
ponvair  i s  conducting a technology program designed 
t o  demonstrate  t h e  s u i t a b i l i t y  of PPO f o r  t h e  Space S h u t t l e  
Booster.  
t h a t  PPO i n s u l a t i o n  can be pressure  s e n s i t i v e  and may s u s t a i n  
permanent damage as a r e s u l t  of repea ted  p r e s s u r e  c y c l e s .  I f  
t h i s  w e r e  t o  be v e r i f i e d ,  then PPO would n o t  be s u i t a b l e  f o r  
u se  on a r e u s a b l e  s h u t t l e .  

Boeing i n  a r e c e n t  tes t  program4 produced evidence 

E. W .  H a l l  (MTG) and t h i s  w r i t e r  v i s i t e d  Convair a t  
San Diego on August 31, and d iscussed  t h e  s t a t u s  of PPO techno- 
logy wi th  key Convair personnel.  Convair feels they can exp la in  
t h e  reason f o r  t h e  d i s a p p o i n t i n g - r e s u l t s  achieved i n  t h e  Boeing 
t e s t  and they maintain undiminished enthusiasm f o r  t h e  p o t e n t i a l  
of PPO. This w r i t e r  i s  impressed wi th  the  p o t e n t i a l  of PPO b u t  
b e l i e v e s  t h e  p r e s e n t  program r e p r e s e n t s  a go no-go approach and 
t h a t  more fundamental technology programs a r e  necessary so as 
t o  c h a r a c t e r i z e  PPO foam i n  terms of p r o p e r t i e s ,  q u a l i t y  c o n t r o l ,  
and f a b r i c a t i o n  techniques.  The end product  o f  t h e s e  fundamental 
programs should be both procurement and performance s p e c i f i c a t i o n s  
f o r  both r a w  s tock  and f a b r i c a t e d  i n s u l a t i o n  systems. 

The remainder of  t h i s  memorandum provides  t e c h n i c a l  
detai ls  of PPO and suggested technology tasks. 

D I S C U S S I O N  

PPO i s  a polymer of polyphenyloxide conforming t o  t h e  

(J +no2- (jlH3#[ @] QOH CH3 + m  H20 

fo l lowing  type  of r e a c t i o n  

CH3 

" ' H e a t  Sink Booster  LH2 Tank Environmental S tudies -  

Ana ly t i ca l  and Design Summary, '' D164-10059-1, The Boeing 
Company, J u l y  1 2 ,  1971.  
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The b a s i c  chemical polymer s t u d i e s  w e r e  performed by 
General Electric i n  t h e  United States.  The material w a s  
o r i g i n a l l y  in tended  f o r  use  as a p l a s t i c  c o a t i n g  s i m i l a r  t o  
Teflon. Later it w a s  considered,  i n  foamed form, as an 
i n s u l a t o r  f o r  use  on t anke r s  c a r r y i n g  r e f r i g e r a t e d  petroleum 
gas.  The market  f o r  PPO never m a t e r i a l i z e d .  A t  p r e s e n t  PPO 
i s  made i n  D e l f t ,  Holland by a company c a l l e d  TNO and i s  
marketed by a S w i s s  Company c a l l e d  AIREX. PPO foam is  an 
a n i s o t r o p i c ,  e longated  open-cell  material which has  phys i ca l  
and mechanical p r o p e r t i e s  similar t o  honeycomb. The foam i s  
manufactured by p l a c i n g  r i g i d  s h e e t s  o f  powdered r e s i n  and 
c a t a l y s t  between paper covered, steam heated p l a t e s  and drawing 
t h e  p l a t e s  a p a r t  r a p i d l y  t o  produce t h e  e longated  c e l l u l a r  foam. 
The o u t e r  paper  cover ing  i s  then removed l e a v i n g  an open-cel l  
sheet o r  panel .  The manufacturing technique r e s u l t s  i n  a d e n s i t y  
g r a d i e n t  p a r a l l e l  t o  t h e  f i b e r  d i r e c t i o n .  I n  a t w o  i nch  t h i c k  
foam slab,  t h e  c e n t r a l  p l ane  is t y p i c a l l y  27  pe rcen t  less dense 
than  t h e  o u t e r  s u r f a c e s .  The foam cel ls  are s u f f i c i e n t l y  s m a l l  
t o  p reven t  p e n e t r a t i o n  by l i q u i d  H2 b u t  are l a r g e  enough t o  be 

permeated by gaseous hydrogen which i s  a b e t t e r  i n s u l a t o r  than  
t h e  foam i t s e l f .  

PPO foam is de l ive red  t o  Convair i n  pane ls  roughly 
20 x 34 x 2 inches .  Approximately 300 pane l s  have been rece ived .  
X-ray techniques are used t o  i n s p e c t  t h e s e  sheets f o r  i n t e r n a l  
p o r o s i t y  and h igh  d e n s i t y  areas, and approximately 50% of the  
panels  a r e  r e j e c t e d  a f t e r  i n spec t ion .  The PPO foam panels  have 
been accu ra t e ly  formed under heat i n  a vacuum. Shapes have 
included extremely s m a l l  r a d i i  and e l l i p t i c a l  heads.  Double 
cu rva tu re  bonding and forming of  a 29.5 x 1 8 . 1  x 1 . 8  inch panel  on a 
2024-0 aluminum s h e e t  has been s u c c e s s f u l .  For t h i s ,  t h e  formed pane l  was sliced i n  h a l f ,  f i t t e d  toge ther  and then bonded t o  t h e  A1 sheet. 

Convair has performed many types  o f  s m a l l  scale tests 
t o  determine t h e  p o t e n t i a l  r e u s a b i l i t y  of  PPO. T h e  c r i t i c a l  
problem has been t h e  s e l e c t i o n  o f  a s u i t a b l e  adhesive.  A t  
p r e s e n t  a room temperature  cur ing  C r e s t  7343 PU modified wi th  
1-percent  Dow-Corning S i l a n e  coupl ing  agen t  (73432) appears  
m o s t  promising f r o m  a r e u s a b i l i t y  s t a n d p o i n t  over a -423 t o  
3OOOF temperature  range. Three specimens (2  x 1 2  x 1 . 8  inch)  
of  PPO foam bonded t o  1 /8  inch  t h i c k  2219 (T-81) aluminum w i t h  
t h i s  agent  have been success fu l ly  subjected t o  f o u r  hundred 
load c y c l e s  a t  -423, 70 ,  and 250°F wi th  s t r a i n s  i n  t h e  aluminum 
of .0035, .004  and .002  i n / i n  wi th  no observable f a i l u r e s ,  
cracks, o r  d e t e r i o r a t i o n .  
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T h e  work thus  f a r  completed by Convair may be b e s t  
desc r ibed  as a s u c c e s s f u l  series of exp lo ra to ry  tes t sewhich  
probed t h e  s u i t a b i l i t y  of PPO foam. 
under c o n t r a c t  t o  MSC t o  i n s t a l l  PPO i n  a c y l i n d r i c a l  mono- 
coque tank  approximately 5-3/4 f t  wide and 7 f t  h igh having 
e l l i p t i c a l  heads. 
and w i l l  be  designed t o  demonstrate r e u s a b i l i t y .  

conducted i n  which PPO w a s  repea ted ly  immersed i n  l i q u i d  Ha. 
l i t t l e  d e s c r i p t i o n  of the ac tua l  tes t  hardware and procedures  
was provided. Boeing bonded t h r e e  c o n f i g u r a t i o n s  of PPO foam 
t o  a waf f l e  p a t t e r n  m e t a l  w a l l .  The PPO conf igu ra t ions  w e r e  
3/4", 1-1/4", and 1/2" t h i c k  foam wi th  1/2" t h i c k  by 1/2" wide 
s t r i p s  bonded t o  the  w a f f l e  p a t t e r n  area. I n  a d d i t i o n ,  t w o  
t h i cknesses  of  PPO w e r e  t e s t e d  t o  o b t a i n  measurements of mean 
thermal conduc t iv i ty .  Boeing s ta ted t h a t  t h e  PPO w a s  p r e s s u r e  
s e n s i t i v e  and e x h i b i t e d  minor c rack ing  a f t e r  s e v e r a l  tes t  
c y c l e s ,  b u t  t h a t  t h e  cracks d i d  n o t  appear t o  a f f e c t  o v e r a l l  
performance. The cause of t h e  c racks  w a s  n o t  e s t a b l i s h e d .  
Boeing s t a t e d  t h a t  f a b r i c a t i o n  w a s  extremely d i f f i c u l t  when 
i n s t a l l i n g  the  foam over  waff le  p a t t e r n s .  
was d i f f i c u l t  and t h e  (unnamed) r e s i n  tended t o  soak i n t o  t h e  
i n s u l a t i o n  caus ing  a heat s h o r t  i n  areas where t h e  i n s u l a t i o n  
w a s  t h i n .  However Boeing s t a t e d  t h a t  s u c c e s s f u l  techniques f o r  
machining, forming and bonding PPO foam w e r e  developed. Never- 
theless, Boeing concluded t h a t  PPO foam i s  p r e s s u r e  s e n s i t i v e  
and t h a t  it might s u s t a i n  permanent damage as a r e s u l t  of 
repea ted  p r e s s u r e  cyc le s .  This conclus ion ,  however, w a s  q u a l i f i e d  
somewhat by p o i n t i n g  o u t  t h a t  t h e  p r e s s u r e  s e n s i t i v e  samples w e r e  
t h e  s m a l l  specimens t h a t  underwent t h e  thermal  conduc t iv i ty  
measurement t e s t i n g .  They suggested t h a t  materials development, 
which w a s  n o t  a p a r t  of t h e i r  program, could be d e s i r a b l e .  Convair 
d i scussed  t h e  preceeding r e s u l t s  w i t h  Boeing i n  a meeting a t  
MSFC and believes t h a t  t h e  p re s su re  s e n s i t i v i t y  observed by 
Boeing r e s u l t e d  f r o m  us ing  PPO foam which w a s  both s e v e r a l  
y e a r s  o l d  and which had n o t  been in spec ted  f o r  vo ids  and l o w  
d e n s i t y .  S ince  Convair p re sen t ly  rejects 50 p e r c e n t  of  t h e  
foam panels  they r e c e i v e ,  t he  c r i t i q u e  of t h e  Boeing t es t  
procedure may have some m e r i t .  Never the less  t h e  Boeing t e s t  
r e s u l t s  are va l id  d a t a  and are i n d i c a t i o n s  t h a t  c a r e f u l  q u a l i t y  
s p e c i f i c a t i o n s  must be der ived fo r  both  t h e  foam panels  and 
f a b r i c a t e d  i n s u l a t i o n  systems f o r  use  i n  a h igh  performance 
r e u s a b l e  Space S h u t t l e .  

Convair i s  p r e s e n t l y  

Tes t ing  w i l l  commence du r ing  e a r l y  1 9 7 2  

Boeing i n  Reference 4 desc r ibed  t h e  r e s u l t s  of tests 
V e r y  

Curing t h e  PPO 

COMMENTARY 

PPO foam i n t e r n a l  i n s u l a t i o n  sys  tern have high 
p o t e n t i a l  f o r  use  i n  cryogenic hydrogen tankage. However t h e  
p r e s e n t  technology program i s  l i m i t e d  t o  an a t tempt  t o  demon- 
s t ra te  f e a s i b i l i t y .  Fur ther  work should be done wi th  r e s p e c t  
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t o  development o f  satisfactory procurement and f a b r i c a t i o n  
s p e c i f i c a t i o n s .  Convair has  made an i n i t i a l  s tr ide i n  t h i s  
d i r e c t i o n  by developing an x-ray i n s p e c t i o n  technique t o  
q u a l i t a t i v e l y  measure voids  and areas of h igh  d e n s i t y  of t h e  
foam. General areas of  research  t h a t  might prove u s e f u l  t o  
c h a r a c t e r i z e  PPO foam are descr ibed  below. 

1. Basic Chemistry. 

The PPO polymer is  s imi l a r  t o  several used i n  s o l i d  
p r o p e l l a n t  formula t ions .  
chemicals may s i g n i f i c a n t l y  improve t h e  p h y s i c a l  p r o p e r t i e s  
over  t h e  w i d e  temperature  range r equ i r ed  f o r  u se  as an LH2 
i n s u l a t o r .  

Additions of  smal l  amounts o f  s p e c i a l  

Thus a l abora to ry  polymer program may prove of  value.  

2. Foam ProDer t ies  

The e q u i l i b r i u m  h e a t  s i n k  w a l l  temperature  i s  a s t r o n g  
f u n c t i o n  of  t h e  equ iva len t  t h e r m a l  conduc t iv i ty  (k)  of t h e  foam. 
The p r e s e n t  method of foam f a b r i c a t i o n  r e s u l t s  i n  a l a r g e  
d e n s i t y  g r a d i e n t  and hence v a r i a b l e  k i n  t h e  d i r e c t i o n  of  heat 
t r a n s f e r .  Therefore  each th ickness  of t h e  "drawn o u t "  foam 
r e s u l t s  i n  a d i f f e r e n t  k p e r  u n i t  width.  I n  a d d i t i o n ,  t h e  
p r e s e n t  method of drawing r e s u l t s  i n  a v a r i a b l e  d e n s i t y  through- 
o u t  t h e  whole pane l  s u r f a c e  a rea .  It would appear t h a t  a 
materials c h a r a c t e r i z a t i o n  program i s  requ i r ed  t o  e s t a b l i s h  
techniques t o  c o n t r o l  both th ickness  and p o r o s i t y  and t o  
opt imize  these f a c t o r s  t o  maintain a h e a t  s i n k  wa l l  a t  a 
desired temperature .  

3. Bonding A.gents. 

The area of metal-to-foam bonding r e q u i r e s  f u r t h e r  
i n v e s t i g a t i o n .  
used by Convair may prove completely adequate;  however ,adhesive 
chemistry i s  a l a r g e  technologica l  d i s c i p l i n e  and should be 
explored  i n  g r e a t e r  depth  t o  o b t a i n  the b e s t  a v a i l a b l e  adhesive.  

The room temperature PU modified c u r i n g  agent  

4. Q u a i i t y  Ceritrol. 

The area of in spec t ion  techniques must be explored.  
The l a r g e  systems which must be i n s t a l l e d  i n  s h u t t l e  v e h i c l e s  
w i l l  be very d i f f i c u l t  t o  i n s p e c t  and r e p a i r .  
c o n t r o l  must be s t r i n g e n t  t o  provide the long  l i f e  r equ i r ed .  
A program i n  t h i s  area should be designed t o  provide  fabrica- 
t i o n  procedures and acceptance s p e c i f i c a t i o n s  as w e l l  as t h e  
a c t u a l  i n s p e c t i o n  methods. 

Thus q u a l i t y  

1013-CB-ajj C. Bendersky \ 
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